INTRODUCTION {#s1}
============

Invasive fungal infections (IFIs) are major life-threatening infections among immunocompromised patients with hematologic malignancies. Although there has been significant progress in the management of febrile neutropenic cancer patients related to increasing protective measures and antifungal agents, neutropenia is still a critical risk factor for IFI. Profound (\<100 neutrophils/µL) and prolonged (\>10 days) neutropenia is associated with a higher risk of invasive aspergillosis \[[@ref1],[@ref2],[@ref3],[@ref4],[@ref5],[@ref6],[@ref7]\].

Several scoring systems have been developed to categorize febrile neutropenic patients into risk groups. These systems usually take neutropenia duration into account. Recently, Portugal et al. developed indexes called the D-index and the cumulative-D-index (c-D-index), which take into account both the duration and the intensity of neutropenia to predict the IFI risk \[[@ref8]\]. We performed this study to assess the performance of these new tests in predicting IFIs among patients with acute myelogenous leukemia (AML).

MATERIALS AND METHODS {#s2}
=====================

Patients {#s2a}
--------

The Department of Adult Hematology of Ankara University's Faculty of Medicine, a 56-bed institution, is one of the main regional centers of hematology and bone marrow transplantation in Ankara. Patients with newly diagnosed AML receiving first induction or with relapsed or refractory AML, and who developed neutropenia at this center between March 2011 and March 2012, were included in the study. Among these patients, 15 patients with IFIs and 28 patients who did not develop IFIs were enrolled. We selected controls with the same underlying disease and leukemia status. IFIs were classified as possible, probable, or proven according to the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) revised criteria \[[@ref9]\]. Only the proven and probable cases were included in the study (proven: 2, probable: 13). Clinical and epidemiological data were collected by structured survey forms during daily infectious disease consultation visits. The patients who developed IFIs were compared with controls regarding age, sex, underlying disease, comorbidities, type of chemotherapy, antibacterial and antifungal prophylaxis, mortality rate, duration of neutropenia, profound neutropenia, D-index, and c-D-index. The study was approved by the local ethics committee.

D-index and Cumulative-D-index Calculation {#s2b}
------------------------------------------

The absolute neutrophil count was recorded in patients and controls. The D-index is an index based on a graph showing the absolute neutrophil counts over the course of the episode of neutropenia ([Figure 1](#f1){ref-type="fig"}). It is geometrically the area over the neutrophil curve. The D-index was calculated as the difference between the observed area under curve (AUC) (Ao) and the expected neutrophil area (Ae) if the patient did not develop neutropenia (D-index: Ae-Ao). Ao was calculated by the trapezoidal method, while Ae is the product of 500 and the number of days with neutropenia (Ae: 500/µL x days with neutropenia). An XLA add-in, developed by Usansky et al., was used to apply the trapezoidal method \[[@ref10]\].

We also calculated the c-D-index, which is from the start of neutropenia until the date of first clinical manifestation of IFI in patients. The date of first clinical manifestation was defined by 3 specialists (2 from the department of infectious diseases and one from the department of hematology), and then their results were compared with each other. The clinical manifestations were cough, nasal discharge, pleuritic chest pain, hemoptysis, skin nodules, and stomachache with elevated liver enzymes.

Power Analysis {#s2c}
--------------

The D-index was considered as the primary outcome variable for this study. Group sample sizes of 25 and 15 achieved 82% power to detect a difference of 5000 between the null hypothesis that both group means were 4000 and the alternative hypothesis that the mean of group 2 was 9000 with estimated group standard deviations of 5000 and 5000 and with a significance level (alpha) of 0.05 using a 2-sided Mann-Whitney U test, assuming that the actual distribution was normal.

Statistical Analysis {#s2d}
--------------------

Mean ± standard deviation, median (minimum-maximum), or percentage values are given as descriptive statistics as applicable. Dichotomous variables were compared using the chi-square or Fisher's exact test. Test of normality was assessed by Shapiro-Wilk test. Comparison of continuous variables between fungal and control groups was analyzed by Mann-Whitney U test. A receiver operating characteristic (ROC) curve analysis was performed to evaluate the ability of the D-index and c-D-index to predict IFI. Positive and negative predictive values were calculated by using cutoff values obtained from ROC analysis. A multiple logistic regression was performed to identify the independent risk factors of outcome variable and the adjusted odds ratio (OR) was calculated. SPSS 15.0 for Windows was used for statistical analysis. A p-value of less than 0.05 was considered significant.

RESULTS {#s3}
=======

A total of 15 patients with IFIs and 28 controls were enrolled during the 1-year study. The clinical and epidemiological data of the patients are shown in [Table 1](#t1){ref-type="table"}. Those that developed IFIs were older than the controls. The lung was the most common site of fungal infection (86.7%). There were no significant differences between patients and controls regarding sex, status of underlying disease, chemotherapies, and comorbidities. All patients were given fluconazole prophylaxis. The duration and the severity of neutropenia were significantly higher in IFI patients. Consequently, the D-index and the c-D-index tended to be significantly higher in patients with IFIs, with a median of 10,150 (range: 4000-22,000) and 5300 (range: 2300-22,200), respectively.

The ROC analyses showed that both the D-index and the c-D-index could be used to predict IFIs \[AUC ± standard error (SE): 0.914±0.042, p\<0.001 and AUC ± SE: 0.779±0.074, p=0.003, respectively; [Figures 2](#f1){ref-type="fig"} and [3](#f2){ref-type="fig"}\]. There was a cutoff point of 3875 for the D-index in predicting IFIs; the sensitivity, specificity, and positive and negative predictive values were 100%, 67.9%, 35.4%, and 100%, respectively. There was also a cutoff point of 4225 for the c-D-index in predicting IFI; the sensitivity, specificity, and positive and negative predictive values for the c-D-index were 93.3%, 71.4%, 36.6%, and 98.4%.

DISCUSSION {#s4}
==========

Fungal infections are responsible for most of the deaths from infections in febrile neutropenic patients with hematological malignancies, with mortality rates of 50%-80%. Although the initiation of appropriate antifungal therapy is crucial and associated with improved outcomes, the management of antifungal treatment in this heterogeneous population is a matter of great research \[[@ref3],[@ref6],[@ref11],[@ref12],[@ref13],[@ref14]\].

Empirical antifungal therapy, which is the administration of systemic antifungals for persistent and recurrent fever 96 h after broad-spectrum antibacterial treatment, has been the standard of care for many years. Since the fever-based approach increased antifungal usage, preemptive or diagnostic-driven antifungal therapy, which is usually guided by clinical or radiological signs and serum biomarkers (galactomannan, 1,3-beta-D-glucan, polymerase chain reaction), was defined \[[@ref15]\]. Studies comparing these 2 approaches reported that the rate of antifungal usage was reduced and no increase in mortality was observed with diagnostic-driven antifungal therapy. However, the success of this strategy depends on the availability and the performance of the tests predicting IFI \[[@ref15],[@ref16],[@ref17],[@ref18]\].

IFIs are difficult to predict and diagnose. Host factors are important for predicting IFIs as well, as they are the determinants of the outcome \[[@ref6]\]. Neutropenia, one of the host factors, is still a significant risk factor, and resolution of neutropenia has a key role in complete recovery from an IFI \[[@ref6],[@ref19]\]. The duration and also the severity of neutropenia are critical, but there was no practical tool that combined both the duration and the severity of neutropenia in its evaluation approach.

Recently, Portugal et al. developed the D-index and c-D-index, simple indexes to calculate, which combine both the duration and the intensity of neutropenia \[[@ref8]\]. They reported that these indexes were superior to the duration of neutropenia for predicting IFI. Shortly afterwards, Kimura et al. also showed that early pulmonary infections in hematopoietic stem cell transplantation recipients tended to occur in patients with higher D-index and c-D-index scores \[[@ref20]\]. In accordance with these results, higher D-index and c-D-index scores were associated with IFIs in our study. We presume that the c-D-index score in particular, available earlier than the D-index score, has the ability to discriminate among patients with the same duration but different severities of neutropenia according to IFI development.

Previous studies documented increased risks for fungal infections in older patients \[[@ref11],[@ref21],[@ref22]\]. In this study, univariate analysis showed that the median age was higher for patients with IFIs than the controls, at 52.5±15.1 and 42.5±14.6 years, respectively. However, the D-index and c-D-index still tended to be significantly higher for the IFI group than the controls when age and sex were adjusted \[OR: 1.54, 95% confidence interval (CI): 1.28-2.19\].

Although 20% of the stem cell transplantation centers in Turkey use diagnostic-driven approaches, empirical treatment is still the main approach \[[@ref23]\]. This means that a significant proportion of patients are receiving antifungal therapy unnecessarily and we need helpful tools to assess the risk of IFI besides chest computed tomography scan and the use of serum biomarkers. The galactomannan test is the only available serum biomarker at our center. It is performed twice weekly but the results are reported with a 1-week delay. Hence, the c-D-index could be integrated with other parameters to promote diagnostic-driven therapy in such centers.

The negative predictive values of the D-index and c-D-index for IFI prevalence of 15% was 100% (95% CI: 89.8-102.0) and 98.4% (95% CI: 87.2-101.6) using the cutoff values of 3875 and 4225, respectively. The high negative predictive values suggest that this new tool should work to exclude invasive fungal infections. Serum biomarkers such as galactomannan and beta-glucan for fungal infections have some false positives. Thus, when interpreting the results in these situations, a c-D-index of less than 4225 supports the false positivity of other biomarkers and suggests that antifungal therapy could be delayed.

This study has some limitations. The first is the small number of patients. Since April 2012, AML patients with induction therapy have started to receive antifungal prophylaxis (posaconazole) regularly at our center and the impact of this prophylaxis could not be assessed in this study. The second limitation is the underlying disease, due to the fact that only patients with AML were evaluated. Thus, we could not investigate the applicability of this new test with other malignancies.

CONCLUSION {#s5}
==========

In conclusion, this study confirms that the D-index, and in particular the c-D-index, could be useful tools to exclude as well as to predict IFIs. These cheap and simple tests stand out with high negative predictive values in daily management of neutropenic patients.
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